Cell-derived vesicles facilitate the isolation of transmembrane proteins in their physiological membrane maintaining their structural and functional integrity. These vesicles can be generated from different cellular organelles producing, housing, or transporting the proteins. Combined with singlemolecule imaging, isolated organelle specific vesicles can be employed to study the trafficking and assembly of the embedded proteins. Here we present a method for organelle specific single molecule imaging via isolation of ER and plasma membrane vesicles from HEK293T cells by employing OptiPrep gradients and nitrogen cavitation. The isolation was validated through Western blotting, and the isolated vesicles were used to perform single molecule studies of oligomeric receptor assembly.
vesicles enable the protein to remain embedded in its physiological membrane maintaining its structural and functional integrity. These nanoscale vesicles have been employed to study stoichiometric assembly of multimeric proteins, to probe ligand receptor interactions, and to understand the effect of ligands on the assembly of nicotinic receptors Moonschi et al., 2015; Fox-Loe et al., 2017) .
Transmembrane proteins are synthesized and assembled in the endoplasmic reticulum and then trafficked to the plasma membrane. Oligomeric proteins with multiple non-identical subunits can often be assembled with different subunit stoichiometries potentially leading to different trafficking and functional properties (Grady et al., 2010) . For instance, α4β2 nicotinic receptors are pentameric receptor with two possible stoichiometric assemblies: (α4)2(β2)3 and (α4)3(β2)2. It has been hypothesized that cellular machinery preferentially traffics the high sensitivity isoform (α4)2(β2)3 over the other isoform from the ER to the plasma membrane. It has also been hypothesized that nicotine alters the assembly of this receptor from the low sensitivity to high sensitivity isoform in the ER leading to higher levels of the preferentially trafficked assembly in both the ER and plasma membrane (Lester et al., 2009; Henderson and Lester, 2015) . Single molecule studies of proteins from specific organelles enable the correlation of changes in structural assembly of the nicotinic receptors to changes in trafficking and assembly.
Here we present a method which can isolate single transmembrane proteins into the ER and plasma membrane derived vesicles using nitrogen cavitation and an OptiPrep gradient. The ER and plasma membrane derived vesicles exhibit different densities because they contain different phospholipids and associated proteins. ER originated vesicles are much denser than those obtained from the plasma membrane. The OptiPrep gradient was selected because of its superior ability to maintain isosmotic pressure independent of the density of the gradient used to isolate cellular organelles and subcellular vesicles (Graham et al., 1994) . We applied this method to study ligand induced changes in the assembly of nicotinic receptors in the ER as well as the plasma membrane and validated our method with Western blotting and single molecule step-wise photobleaching. We believe this method can be applied for virtually any type of transmembrane proteins to conduct single molecule studies and to understand organelle-specific structural and functional properties. 2. Aspirate the media from the cells and rinse the cells with 5 ml 1x PBS buffer.
Materials and Reagents
3. Add 5 ml Versene solution and incubate at 37 °C for 5 min to detach the cells from the flasks. 4 . Collect the cell slurry in a 15 ml centrifuge tube.
5.
Centrifuge the slurry at 300 x g for 5 min at room temperature. a. Cut a wine cork into ~2 mm thick circular slice using a razor blade (Figure 2A) . Cut along the perimeter of the cork slice using a pair of scissors so that it can easily fit into the Ultraclear ultracentrifuge tube. Wash the cork slice with water to remove debris. Leave it in sterile water until adding it to the ultracentrifuge tube. the preparation of 30 ml of each solution can be found in Table 1 . b. Break the glass Pasteur pipette at the junction of the small-diameter tube and large diameter tube and insert the small-diameter tube inside the inlet tubing of the peristaltic pump ( Figure   2E ). c. Carefully, insert the inlet tube of the peristaltic pump in the ultracentrifuge tube (fixed with a clamp and stand) until it touches the bottom-center of the centrifuge tube ( Figure 2F ). It is necessary to make sure that the gradient is not disturbed by the insertion process.
d. Start the peristaltic pump to collect different fractions keeping the interfaces in the same fraction ( Figure 3B ). To do so, collect fractions 1 and 2, 1 ml each and fractions 3 to 8, 1.5 ml each.
e. According to our Western blot results with anti-calnexin as an ER marker and anti-sodium potassium ATPase as a plasma membrane marker, fractions 3 and 4 contain only the ER and fractions 7 and 8 include only the plasma membrane vesicles (Figure 4 ). However, we have selected fractions 3 and 7 as the ER and plasma membrane vesicles respectively for our experiments. Clarity TM Western ECL Substrate on a ChemiDoc imaging system (Bio-Rad) were utilized to locate the ER and Plasma membrane markers on the gels. The plasma membrane marker was found in the cell lysate and fractions 5 to 8 and the ER marker was located in the cell lysate and fractions 3 to 6. Therefore, fractions 3 and 4 contain only the ER vesicles; fractions 7 and 8 contain only the plasma membrane vesicles. We selected fraction 3 for ER vesicles and fraction 7 for the plasma membrane vesicles.
13. Dilute the ER and the plasma membrane fractions with 1x PBS buffer to 1:3 and centrifuge at 30,000 rpm (100,000 x g) for 1 h at 4 °C with the fixed angle rotor.
14.
Resuspend the pellets each in 600 μl 1x PBS buffer or sucrose buffer to obtain ER and plasma membrane derived vesicles. We usually aliquot the vesicle solution into two or three 1.5-ml tubes and store at -80 °C. We use the vesicles within 7 days. 
Note: If a fraction contains no vesicles or a very small amount of vesicles

